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1.  Abstract 
>0e arti-le prese1ts a full) auto/ated ide1tifi-atio1 /et0od for t0e deter/i1atio1 of t0e su%Fsu%tra1sie1tO 
su%tra1sie1t a1d tra1sie1t -0ara-teristi- para/eters of large s)1-0ro1ous /a-0i1esP >0e soft9are allo9s for 
a1 ide1tifi-atio1 of t0e para/eters %ased o1 t0e /easure/e1ts of t0e ter/i1al -urre1ts duri1g a t0reeFp0ase 
s0ortF-ir-uit as defi1ed i1 t0e i1ter1atio1al sta1dardsP Mased o1 t0e ide1tified para/eters t0e eQuiRale1t 
-ir-uit diagra/ Ae-dC is esta%lis0ed a1d it -a1 %e used as /odel of t0e s)1-0ro1ous /a-0i1e for 1u/eri-al 
si/ulatio1s to %e perfor/ed laterP 
 
>0e proposed 9a) of pro-eedi1g proRed to %e relia%leP >0e adRa1tages of t0e suggested /et0od lie i1 t0e 
i10ere1t ti/e saRi1gO t0e 0ig0er a--ura-) a1d -o1seQue1tl) i1 t0e -o1siste1-) a1d reprodu-i%ilit) of t0e 
resultsP  
 
2.  Introduction 
Eerfor/a1-e tests are ge1erall) reQuired for 1e9 deReloped 0)dro a1d tur%oge1eratorsP >0ese tests i1-lude 
t0e sudde1 s0ortF-ir-uit testO 90i-0 is -arried out for t0e deter/i1atio1 of t0e rea-ta1-es a1d ti/e -o1sta1ts 
of t0e /a-0i1eP S0ile t0ese tests -a1 %e realiBed i1 t0e 9orTs0op for tur%oF a1d s/all 0)droge1eratorsO t0e) 
0aRe to %e do1e o1 site for large 0)droge1eratorsP :or t0is purpose t0e re-orded stator -urre1ts are a1al)Bed 
%ased o1 a 9ellFT1o91 pro-ess des-ri%ed i1 i1ter1atio1al sta1dards ["]P 
>0e -o1Re1tio1al 9a) of ide1tif)i1g t0e tra1sie1t para/eters -o1sists i1 represe1ti1g t0e -urre1ts i1 a 
li1earFlogarit0/i- plotP Mased o1 t0is represe1tatio1 t0e ti/e -o1sta1ts a1d rea-ta1-es -a1 %e ide1tified 
/a1uall)P Ero-eedi1g t0is 9a) 0as so/e /aWor pra-ti-al i1-o1Re1ie1-esP >0e /a1ual ela%oratio1 is Rer) 
ti/e -o1su/i1g a1d affli-ted %) i1a--ura-) all t0e /ore if t0e ge1erator %ei1g tested 0as s/all su%Ftra1sie1t 
ti/e -o1sta1tsP  
 
3.  Identification method 
8)1-0ro1ous /a-0i1e t0eor) allo9s for a--urate predi-tio1s of t0e p0ase -urre1ts duri1g a sudde1 t0reeF
p0ase s0ortF-ir-uitP >0e a1al)ti-al des-riptio1 of t0e -urre1t i1 Xp0ase aY is prese1ted i1 eZpressio1 A"CP >0e 
eZpressio1 is Ralid for a s)1-0ro1ous /a-0i1e 0aRi1g t9o -urre1t -ir-uits o1 t0e rotorO iPeP t0e -urre1ts i1 
t0e da/per 9i1di1g a1d t0e -urre1t i1 t0e eZ-itatio1 9i1di1g P 
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 K
I
u  \  >er/i1al p0ase Roltage i//ediatel) %efore  
t0e s0ortF-ir-uit 
I
θ !\  3otor positio1 i1 respe-t to t0e stator 
p0ase i//ediatel) %efore t0e s0ortF-ir-uit 
d
x !\ dFaZis s)1-0ro1ous rea-ta1-e [
d
x !\  dFaZis tra1sie1t rea-ta1-e 
[[
d
x !\ dFaZis su%tra1sie1t rea-ta1-e 
[[
q
x !\ QFaZis su%tra1sie1t rea-ta1-e 
[
d
T \ dFaZis tra1sie1t s0ortF-ir-uit ti/e 
-o1sta1t 
[[
d
T \ dFaZis su%tra1sie1t s0ortF-ir-uit ti/e -o1sta1t aT \   ?r/ature s0ortF-ir-uit ti/e -o1sta1t 
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>0e -urre1ts i1 t0e p0ase % a1d - -a1 %e deriRed fro/ eZpressio1 A"C %) repla-i1g 
I
θ !%) 
^_PK
I
piθ − !respe-tiRel) %) ^_PK
I
piθ + P 
>0e /a-0i1es addressed i1 t0is pu%li-atio1 are large s)1-0ro1ous /a-0i1es 0aRi1g a -o/plete da/per 
9i1di1gP :or su-0 /a-0i1es it -a1 %e stated t0at [[[[
qd
xx ≈ O -o1seQue1tl) t0e last ter/ i1 eZpressio1 A"C -a1 
%e 1egle-tedP 
?--ordi1g to t0e i1ter1atio1al sta1dardsO t0e -o1Re1tio1al 9a) to deter/i1e t0e tra1sie1t para/eters of t0e 
/a-0i1eO -o1sists i1 depi-ti1g t0e e1Relope of o1e of t0e p0ase -urre1ts as defi1ed i1 eZpressio1 AKC a1d 
represe1ted i1 :igP "P 
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:igP "\ 8tator -urre1t p0ase a :igP K\ >ra1sie1t e1Relope  :igP ^\ 8u%tra1sie1t e1Relope 
 
>0e1 t0e e1Relope is represe1ted i1 a li1earFlogarit0/i- s-ale as s0o91 i1 :igP KP :i1all) it is possi%le to 
ide1tif) t0e differe1t para/eters %) /easuri1g t0e slop of t0e li1es a1d t0e i1terse-tio1 of t0eir 
eZtrapolatio1 9it0 t0e ordi1ate as i1di-ated i1 :igP K a1d ^P 
>0e des-ri%ed -lassi-al approa-0 prese1ts so/e pra-ti-al i1-o1Re1ie1-es su-0 as t0e /a1ual ela%oratio1 of 
t0e e1Relope a1d t0e u1satisf)i1g a--ura-) of t0e eZtrapolatio1 a1d deter/i1atio1 of t0e slop a1d 
i1terse-tio1P >0e eZplai1ed /a1ipulatio1s are eRe1 /ore deli-ate to a--o/plis0 if t0e -o1sidered 
s)1-0ro1ous /a-0i1e features t0ree -urre1t -ir-uits o1 t0e rotor su-0 as 0)droge1erators 9it0 solid poles or 
tur%oge1eratorsP 5ue to t0e /a1ual pro-edure 9it0 its i10ere1t li/ited a--ura-)O t0e results depe1d o1 t0e 
perso1 -arr)i1g out t0e /easure/e1tsO 90i-0 is 0ard to a--epta%le fro/ a s-ie1tifi- poi1t of Rie9P 
>0e suggested /et0od usi1g dedi-ated soft9are allo9s for a /ore a--urate pro-edureP :urt0er/ore t0e 1e9 
pro-edure -a1 %e -arried out dire-tl) after /easuri1g t0e -urre1ts 9it0out furt0er ti/e dela)O giRi1g t0e 
-o//issio1i1g e1gi1eer t0e assura1-e t0at t0e /easure/e1ts 9ere -arried out i1 a -orre-t 9a)P 
 
4.  Principle scheme of the automated identification method 
 ^
                                                                                                        
>0e %asi- pro-edure is laid out i1 :igP L 
a1d 9ill %e eZplai1ed i1 t0e follo9i1gP  
Mased o1 t0e /easured p0ase a1d 
eZ-itatio1 -urre1ts duri1g t0e t0reeFp0ase 
s0ortF-ir-uit testO t0e soft9are ide1tifies t0e 
-0ara-teristi- rea-ta1-es a1d ti/e 
-o1sta1ts of t0e /a-0i1e a1d deter/i1es 
t0e -orrespo1di1g eQuiRale1t -ir-uit 
diagra/ %ased o1 t0e t0eor) des-ri%ed i1 
[K] a1d [^]P >0e eQuiRale1t -ir-uit diagra/ 
is t0a1 tra1sferred to a si/ulatio1 progra/ 
Ai1 t0at -ase 9e use a si/ulatio1 pa-Tage 
8<68DN a deReloped at t0e DE:#O for 
/ore i1for/atio1 o1e -a1 refer to\ 
0ttp\__si/se1PepflP-0C  a1d a 1u/eri-al 
si/ulatio1 of t0e sa/e t0reeFp0ase s0ortF
-ir-uit test is perfor/edP >0e results of t0is 
1u/eri-al si/ulatio1 /ust %e t0e sa/e as 
t0ose /easured duri1g t0e real test P 
 
:igP L \ Masi- pro-edure 
 
P 
>0eoreti-all) all para/eters i1 eZpressio1 
A"C -ould %e ide1tified usi1g a1 approa-0 %ased o1 t0e least sQuare /et0od as lo1g as t0e speed of t0e 
/a-0i1e is -o1sta1tP <1 realit)O due to t0e torQue o--urri1g duri1g t0e testO t0e speed a1d t0erefore t0e 
ele-tri-al pulsatio1 ω  are 1ot -o1sta1tP Go1seQue1tl) a least sQuare /et0od is 1ot appropriateP 
?1 ot0er possi%ilit) 9ould %e to tra1sfer t0e /easured -urre1ts i1to a dFQ -oordi1ate s)ste/ usi1g t0e EarT 
tra1sfor/atio1 P >0is approa-0 9ould lead to i1-orre-t results for t0e sa/e reaso1 as t0e preRious o1eP 
 
 
:igP J\ 8tator -urre1t %efore a1d after filteri1g of t0e 1o1Fperiodi- -o/po1e1t 
 
:or t0e /e1tio1ed reaso1 9e 0aRe to fall %a-T o1 t0e -o1Re1tio1al /et0od for t0e first stage of t0e 
ide1tifi-atio1 /et0odO 90i-0 -o1sist i1 deter/i1i1g t0e e1Relope of t0e p0ase -urre1tP >0e deter/i1atio1 of 
t0e e1Relope is /ade i1 t9o steps i1 order to a-0ieRe a %etter a--ura-)P <1 a first step t0e 1o1Fperiodi- 
-o/po1e1t of ea-0 p0ase -urre1t is separated fro/ t0e alter1atiRe -o/po1e1t usi1g 1u/eri-al filters as 
s0o91 i1 :igP JP 
>0e se-o1d step -o1sists i1 ide1tif)i1g t0e e1Relope of t0e filtered -urre1tsP ?fter filteri1gO a1d 1egle-ti1g 
t0e first ter/ i1 eZpressio1 A"C at t0e dou%le of t0e ele-tri-al freQue1-)O all t0ree -urre1ts 0aRe t0e sa/e 
e1Relope as represe1ted i1 :igP bP 
 L
@1-e t0e e1Relope of t0e -urre1ts !
a
i  9as ide1tified a least sQuare approa-0 is used to deter/i1e t0e 
tra1sie1t para/eters of eZpressio1 AKCP 6ore pre-isel) t0e /et0od is applied separatel) to t0e t9o differe1t 
ti/e i1terRals\ 
• su%tra1sie1t ti/e i1terRal fro/ I to "II /s 
• tra1sie1t ti/e i1terRal fro/ KII to KIII /s 
:irst t0e tra1sie1t para/eters are ide1tified usi1g t0e e1Relope i1 t0e tra1sie1t ti/e i1terRalP >0e1 t0e su%F
su%tra1sie1t a1d t0e su%tra1sie1t para/eters are ide1tified usi1g t0e e1Relope i1 t0e -orrespo1di1g ti/e 
i1terRals a1d t0e alread) deter/i1ed tra1sie1t para/eters 
 
>0e ide1tifi-atio1 i1 differe1t ti/e i1terRals is 1e-essar) i1 
order to giRe a1 eQuiRale1t i/porta1-e to all t0e para/eters 
-o1sideri1g t0at t0e su%Fsu%tra1sie1t a1d t0e su%tra1sie1t ti/e 
-o1sta1ts are /u-0 s/aller t0a1 t0e tra1sie1t ti/e -o1sta1t a1d 
-o1sideri1g t0e eZpo1e1tial Rariatio1 of t0e stator -urre1ts 
?fter t0e des-ri%ed operatio1s t0e para/eters 
[[[[[[ OOOO
ddddd
TTxxx  are ide1tified for a s)1-0ro1ous /a-0i1e 
9it0 t9o -urre1t -ir-uits o1 t0e rotorP :or /a-0i1e 0aRi1g t0ree 
-ir-uits o1 t0e rotor [[[[[[ O dd Tx are ide1tified i1 additio1 at t0is 
stageP 
:igP b\ D1Relope of t0e ^ -urre1ts 
 
>0e /issi1g para/eters 
a
Tx O
K
 -a1 %e ide1tified usi1g t0e 1o1Fperiodi- -o/po1e1ts of t0e p0ase -urre1tsP 
>0e -0ara-teristi- para/eters i1 t0e QuadratureFaZis -a1 eit0er %e o%tai1ed %) ot0er tests or fro/ t0e 
ele-tri-al la)out of t0e /a-0i1e [L]P 
 
:i1all) t0e tra1sfer fro/ t0e -0ara-teristi- 
para/eters to t0e ele/e1ts of t0e eQuiRale1t 
-ir-uit diagra/ -a1 %e do1e usi1g t0e /et0od 
suggested %) Ga1a) [K]O [^]P :or t0is purpose t0e 
ratio %et9ee1 t0e os-illati1g -o/po1e1t of t0e 
eZ-itatio1 -urre1t at t0e %egi11i1g of t0e s0ortF
-ir-uit a1d t0e d- Ralue of t0e sa/e -urre1t %efore 
t0e s0ortF-ir-uit 0as to %e T1o91 
If
cf
i
CIAi P Mot0 
Ralues are represe1ted i1 :igP d 
 
 
:igP d\ :ield -urre1t 
 
5.  Application examples 
>0e suggested /et0od 9as su--essfull) tested o1 a fe9 /a-0i1es i1-ludi1g large 0)droge1erators as 9ell as 
tur%oge1eratorsP >0e pro-ess proRed to %e relia%le a1d t0e i10ere1t ti/e saRi1g 9as 9ell appre-iated %) our 
-o//issio1i1g e1gi1eersP <1 t0e follo9i1g t9o represe1tatiRe eZa/ples 9ill %e dis-ussedP 
The first example is a hydrogenerator 9it0 a rated po9er of ^KPb 6V? a1d a rated Roltage of "IPJ TV 
Ala/i1ated poles 9it0 -o/plete da/per 9i1di1gCP >0e follo9i1g -0ara-teristi- Qua1tities 9ere ide1tified 
usi1g t0e prese1ted approa-0O after9ards Ga1a)fs /et0od led to t0e follo9i1g Ralues for t0e ele/e1ts of t0e 
eQuiRale1t diagra/ i1 t0e dire-tFaZisP 
 J
Zd g "PI  [pu] 
Zfd g IP^hhb [pu] 
Zffd g IPKddi [pu] 
>fd g "P^LIK [s] 
>ffd g IPI^Lhi [s] 
>a g IP"bIbJ [s] 
ZK gPZZZZZZ [s] 
 
 
Z- g IP"^dJKL [pu] 
ZdFZ- g IPibKLdb [pu] 
Zsf g IP^iKbd [pu] 
rf g IPII""hKi [pu] 
Zs5" g IPKhiIi [pu] 
r5" g IPI^JKhd [pu] 
rs g IPIIJJdd [pu] 
 
 
G0ara-teristi- Qua1tities :igP i \ DQuiRale1t -ir-uit DQuiRale1t -ir-uit ele/e1ts 
 
 
:igP h s0o9s a -o/pariso1 %et9ee1 t0e a/plitude of t0e p0asor of t0e /easured p0ase -urre1t a1d t0e sa/e 
Ralue deriRed fro/ t0e si/ulatio1 results %ased o1 t0e prese1ted eQuiRale1t -ir-uit diagra/P  
 
 
 
  
:igP h\6easured a1d si/ulated 
p0asor -urre1t :igP "I\ 6easured a1d si/ulated stator -urre1t 
 
 
:igP "I s0o9s a -o/pariso1 %et9ee1 t0e /easured a1d si/ulated p0ase -urre1tP :i1all) t0e /easured a1d 
si/ulated eZ-itatio1 -urre1ts are -o/pared i1 :igP ""P 
 
 
  
:igP ""\ 6easured a1d si/ulated field -urre1t 
 
 
 b
The second example is a 190 MVA turbogenerator 9it0 a rated Roltage of "^ TVP >0e follo9i1g 
-0ara-teristi- Qua1tities 9ere ide1tified\ 
 
Zd g KPIh  [pu] 
Zfd g IPK^""h  [pu] 
Zffd g IP"bKLK  [pu] 
Zfffd g IP"LKi^b [pu] 
>fd g "PLiLhK  [s] 
>ffd g IP"di^^L [s] 
>fffd g IPIJKdJJ [s] 
>a g IPLbd^K  [s] 
  
G0ara-teristi- Qua1tities :igP "K\ E0asor -urre1tO -o/pariso1 /easure/e1tF%a-T9ards si/ulatio1PP 
 
:igP "K s0o9s a -o/pariso1 %et9ee1 t0e a/plitude of t0e p0asor of t0e /easured p0ase -urre1t a1d t0e 
sa/e Ralue deriRed fro/ t0e si/ulatio1 resultsP  
 
6.  CONCLUSIONS 
>0e suggested auto/ated approa-0 prese1ts -o1sidera%le adRa1tages -o/pared to t0e -o1Re1tio1al 
/a1uall) -arried out pro-edure of para/eter ide1tifi-atio1P Na/el) t0e adRa1tages lie i1 t0e i10ere1t ti/e 
saRi1gO t0e 0ig0er a--ura-) a1d -o1seQue1tl) i1 t0e -o1siste1-) a1d reprodu-i%ilit) of t0e resultsP >0e 
/et0od 9as su--essfull) tested o1 a fe9 /a-0i1esP 3eprese1tatiRel) t0e results of a large 0)droge1erator 
a1d a tur%oge1erator 9ere prese1tedP >0e ide1tified para/eters 9ere used to %uild a si/ulatio1 /odel of 
t0e ge1eratorsP >0reeFp0ase s0ortF-ir-uit u1der ide1ti-al -o1ditio1s 9ere -arried out a1d t0e si/ulated 
-urre1ts 9ere -o/pared to t0e /easured o1esP :or %ot0 eZa/ples t0e /easured a1d si/ulated Ralues s0o9 
a perfe-t /at-0 -o1fir/i1g t0e relia%ilit) of t0e /et0odP Me-ause of t0e /e1tio1ed adRa1tages a1d t0e good 
results ?8>@6 i1te1ds to appl) t0e suggested /et0od /ore s)ste/ati-all) i1 future ge1erator perfor/a1-e 
testsP   
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